When stimulus and response simultaneously vary in both horizontal and vertical dimensions, the stimulusresponse compatibility effect is often larger for the horizontal dimension. We investigated the role of preparation for each dimension in this right-left prevalence. In Experiment 1, tasks based on horizontal and vertical dimensions were mixed in random order, and the relevant dimension in each trial was cued with a variable cue-target stimulus onset asynchrony (SOA). A right-left prevalence effect was observed only when participants prepared for the upcoming task. Experiment 2 replicated the absence of the prevalence effect for the simultaneous presentation of cue and target using a fixed SOA of 0 msec. In Experiment 3, the right-left prevalence emerged with a 0-msec SOA when participants prepared for each dimension based on its frequency. These results suggest that participants' internal set can be greater for the horizontal dimension, leading to the right-left prevalence effect.
With dimensionally overlapped stimulus and response sets, responses are faster and more accurate when the stimulus and the response correspond than when they do not (Kornblum, Hasbroucq, & Osman, 1990) . This is called the stimulus-response (S-R) compatibility effect. The S-R compatibility effect has been widely investigated for spatial S-R correspondences (for a review, see Proctor & Reeve, 1990) . In a typical spatial S-R compatibility task, both the stimuli and the responses vary horizontally. Participants are required to make a right or a left response to the stimulus position. Responses are faster and more accurate when the stimuli are assigned to ipsilateral responses (i.e., right response to right stimulus, and left response to left stimulus) than when they are assigned to contralateral responses (i.e., right response to left stimulus, and left response to right stimulus; see, e.g., Brebner, 1973; Shaffer, 1965) . The S-R compatibility effect emerges even when the stimulus position is irrelevant to the task (e.g., Simon & Craft, 1972) , known as the Simon effect (for reviews, see Lu & Proctor, 1995; Simon, 1990) . According to the coding explanation of the S-R compatibility effect (e.g., Umiltà & Nicoletti, 1990; Wallace, 1971) , a spatial code that specifies the stimulus position is formed when the stimulus is presented, and is compared with the spatial code that specifies the response position. When the stimulus and response codes are identical, the response selection is faster than when they are not.
The S-R compatibility effect also emerges for the vertical dimension, and the size of the vertical compatibility effect is comparable to the size of the horizontal compatibility effect (Nicoletti & Umiltà, 1984; Vu, Proctor, & Pick, 2000) . However, when S-R compatibility varies both in the horizontal and the vertical dimensions simultaneously, the compatibility effect is often larger for the horizontal dimension than for the vertical dimension (right-left prevalence; Nicoletti & Umiltà, 1984 ; for a review, see Rubichi, Vu, Nicoletti, & Proctor, 2006) . Umiltà and Nicoletti (1990) concluded that people may preferentially allocate attention to the horizontal dimension rather than the vertical dimension, making the horizontal dimension salient. This saliency favors the spatial coding of the horizontal dimension when both horizontal and vertical spatial information are available.
Mainly situational factors of the stimulus or response influencing the right-left prevalence effect have been investigated, such as unimanual versus bimanual responses (Hommel, 1996; Vu & Proctor, 2001) ; ipsilateral versus contralateral hand and foot (Vu & Proctor, 2001 ; see also Nicoletti & Umiltà, 1985) ; crossed versus uncrossed hands (Vu & Proctor, 2001 ; the distance between the responding hands (Vu et al., 2000) ; stimulus modality (Nicoletti, Umiltà, Tressoldi, & Marzi, 1988) ; and the distance between the stimuli along horizontal and vertical dimensions (Vu & Proctor, 2002 ) (see also Rubichi et al., 2006) . The findings of these studies are consistent with the salient-features coding account proposed by Proctor (2001, 2002; Vu et al., 2000) . They proposed that right-left prevalence occurs because using the right and left effectors makes the right-left distinction more salient than the top-bottom distinction and that the prevalence effect (i.e., a larger S-R compatibility effect) emerges along the more salient dimension determined by the task structure.
However, internal factors also seem to affect the rightleft prevalence. Hommel (1996, Experiment 1) found an advantage for horizontal compatibility effect relative to the right panel of Figure 1 , the S-R spatial relationship was always compatible along the task-relevant horizontal dimension. However, the task-irrelevant vertical relationship was compatible when the target appeared in the up-left or down-right position (upper panel) but was incompatible when it appeared in the up-right or down-left position (lower panel). Thus, S-R compatibility varied only for the task-irrelevant dimension. Right-left prevalence has been discussed mainly in terms of the overall relevant compatibility effect across the conditions, and of the compatibility effect when the irrelevant dimension was incompatible (see Vu et al., 2000) . However, the compatibility effect corresponding to Meiran's paradigm (i.e., the irrelevant S-R compatibility effect when the relevant dimension was always compatible) also seemed to show a right-left prevalence effect in previous studies. For example, Vu et al. (2000, see their Table 1 ; see also Vu & Proctor, 2002 , Appendix A, for similar results) obtained a larger horizontal compatibility effect (56 msec; defined as the difference between the both compatible and the vertically compatible conditions with vertical instructions, corresponding to the upper left and lower left panels of our Figure 1 , respectively) than a vertical compatibility effect ( 2 msec; defined as the difference between the both compatible and the horizontal compatible conditions with horizontal instructions, corresponding to the upper right and lower right panels of our Figure 1, respectively) . This showed a right-left prevalence effect with irrelevant dimensions when the relevant dimension was compatible. Meiran (1996) found no difference between the horizontal and the vertical tasks, and no significant effects including the interaction between task and compatibility. Because of these null effects, Meiran rarely included the task as a factor in the analyses in subsequent studies. However, Meiran (2005) recently obtained a larger horizontal compatibility effect with a vertical task than a vertical vertical compatibility effect when participants were instructed to choose responses exclusively on the basis of the horizontal dimension. A similar advantage of vertical compatibility effect was found with instruction to choose responses based exclusively on the vertical dimension. Thus, he did not find a "strong" right-left prevalence in which the horizontal compatibility effect was larger than the vertical compatibility effect in spite of the vertical instruction. However, he did find a "weak" right-left prevalence effect in which the advantage of the horizontal compatibility effect for the horizontal instruction was larger than the advantage of the vertical compatibility effect for the vertical instruction. 1 Hommel (1996) attributed the right-left prevalence reported by Umiltà (1984, 1985; Nicoletti et al., 1988) to their participants' not following the vertical instruction but instead using the horizontal code to determine the response because of the faster formation of the horizontal code than the vertical code due to the use of right and left effectors (see also Rubichi, Nicoletti, Pelosi, & Umiltà, 2004 , for the close relationship between the speed of code formation and right-left prevalence). Vu et al. (2000) replicated the effect of instruction on the right-left prevalence effect.
Thus, instructions that influence the preparation state of the participants for each dimension have an effect on right-left prevalence (Hommel, 1996; Vu et al., 2000) . The absence of right-left prevalence in a two-dimensional Simon task with bimanual keypress responses (Proctor, Vu, & Nicoletti, 2003; Vu, Pellicano, & Proctor, 2005) , in which the stimulus position was irrelevant to the task, also indicates the importance of participants' intentional preparation for each dimension. 2 Right-left prevalence may emerge because preparation for the horizontal dimension is stronger than for the vertical dimension due to the relative salience of the horizontal dimension. However, most right-left prevalence studies, except those using a Simon task, varied the conditions between blocks (such as both compatible, horizontally compatible, vertically compatible, and neither compatible) and between participants (such as horizontal and vertical instruction groups). In these conditions, participants could fully prepare for the task in a block before the target in each trial was presented. Moreover, some of the participants might have ignored the task instructions based on the vertical dimension in the previous studies using between-block manipulations of conditions, as was suggested by Hommel (1996) . Some recent studies have used within-block manipulations of conditions. For example, Meiran and his colleagues conducted a series of task-switching studies with S-R sets similar to those used in the right-left prevalence paradigm (Meiran, 1996 (Meiran, , 2000a (Meiran, , 2000b (Meiran, , 2005 Meiran & Chorev, 2005; Meiran, Chorev, & Sapir, 2000) . In Meiran's paradigm (see Figure 1 , but note that Figure 1 depicts the experimental setups of our study and is different from Meiran's in some aspects), the participants always responded by using a key that spatially corresponded to the stimuli along the task-relevant dimension. For example, when participants responded using an up-left/down-right key arrangement in the horizontal task, as is depicted in of the horizontal task would covary with the right-left prevalence. However, preparation for each dimension, in addition to the structural salience of the horizontal dimension, may be related to higher horizontal code activation probably accompanying the more efficient suppression of vertical coding (see Meiran, 2000a) . If this is essential for the right-left prevalence effect to emerge, then the rightleft prevalence would appear only when participants could prepare for each dimension before the target stimulus presentation, and may not covary with the RT advantage for the horizontal task. In Experiment 1, participants prepared for each dimension in a trial-by-trial manner, and the preparation time was manipulated. In addition to the partial preparation and full preparation conditions, which were included in previous studies (e.g., Meiran, 2005; Proctor et al., 2006) , we included a no-preparation condition (i.e., simultaneous presentation of the task cue and target). Experiments 2 and 3 focused on the situation in which the task cue and the target were presented simultaneously because the right-left prevalence effect was absent when there was no preparation time in Experiment 1 (i.e., 0-msec SOA). In Experiment 2, we replicated Experiment 1 using the simultaneous presentation of the task cue and the target. In Experiment 3, we manipulated participants' set between blocks by changing the relative probability for each task with a 0-msec SOA, in order to dissociate the effects of preparation and the simultaneous presentation of the task cue and the target itself.
EXPERIMENT 1
We investigated whether the right-left prevalence effect was affected by the preparation for each dimension. For this purpose, vertical and horizontal judgments were intermixed in an unpredictable order. Thus, the task set varied within blocks, and participants responded based on the instructed (i.e., cued) dimension (see Meiran, 1996) . We manipulated the preparation time for the upcoming task to test whether the preparation for each dimension differed. We used a sufficient response-cue interval (1,600 msec; see Meiran et al., 2000) to rule out a simple carryover effect because our interest was in the effect of preparation for the task. We used three SOAs (cue-target onset asynchrony): 0 msec, during which no preparation could be done; 170 msec, during which some but not sufficient preparation could be done; and 1,620 msec, during which sufficient preparation could be done. We chose a 0-msec SOA in order to include a no-preparation situation. We chose an intermediate SOA of 170 msec and a long SOA of 1,620 msec for two reasons. First, because Meiran (2005) reported no modulation of the right-left prevalence with 200-and 1,200-msec SOAs, we chose an intermediate SOA less than 200 msec but clearly distinct from 0 msec, and a long SOA more than 1,200 msec. Second, according to previous studies (e.g., Meiran et al., 2000) and a pilot experiment, it seemed that the preparation for the task proceeds rapidly after the onset of the task cue and then more gradually in this paradigm, so the 170-msec SOA seems to be just under the rapid-preparation phase. compatibility effect with a horizontal task, and this rightleft prevalence effect was not affected by the interval between the cue onset and the target onset (i.e., the stimulus onset asynchrony, or SOA). Because the SOAs used in Meiran (2005) were limited (200 and 1,200 msec), the difference between vertical and horizontal compatibility effects and the influence of preparation time in this paradigm is unclear.
Recently, Proctor, Koch, and Vu (2006) conducted a right-left prevalence study using a variant of Meiran's paradigm. In Experiments 1 and 2, the stimuli varied only along the incongruent diagonal. In Experiment 3, the stimuli appeared in one of the quadrants, and thus the experimental situation was more similar to that used in Meiran (2005) . Proctor et al. (2006) reported a right-left prevalence unaffected by the SOA (100 or 900 msec). Thus, they replicated Meiran (2005) , and concluded that the task structure determines the right-left prevalence effect and preparation for each dimension does not alter the prevalence effect. However, they used an overall reaction time (RT) in each condition, not the compatibility effect, as an indicator of right-left prevalence. The right-left prevalence effect has been defined as a larger horizontal compatibility effect relative to a vertical compatibility effect. So it may not be strictly equivalent to regard the difference of RTs in horizontally instructed and vertically instructed conditions as evidence for a right-left prevalence effect. In fact, Proctor et al. (2006) included compatibility as a factor for analysis and found an interaction between task and compatibility, indicating a right-left prevalence effect according to our definition. Although the three-way interaction was not significant, the compatibility effect based on our definition was numerically smaller for a short SOA than for a long SOA, indicating a role of preparation in the right-left prevalence effect. The numerical increase of the right-left prevalence effect as a function of SOA in Proctor et al. (2006) suggests very rapid preparation for each dimension. However, both Meiran (2005) and Proctor et al. (2006) included only partial and full preparation conditions (i.e., short and long SOAs) and did not investigate the condition with no preparation time for each dimension. Thus, although the importance of an internal state for right-left prevalence has been indicated (Hommel, 1996; Proctor et al., 2003; Vu et al., 2000 Vu et al., , 2005 , the role of preparation for each dimension in the right-left prevalence effect is still unclear.
In the present study, we explored the effect of an internal set on the right-left prevalence effect by using a modification of Meiran's paradigm. We used the difference of compatibility effects along the horizontal and vertical dimensions as an indicator of the right-left prevalence effect. We also analyzed the overall RTs for each dimension (see Proctor et al., 2006) to explore the relationship between the speed of the horizontal and vertical spatial coding and the right-left prevalence (see Hommel, 1996; Rubichi et al., 2004) . Faster spatial coding along the structurally salient horizontal dimension should lead to the shorter RTs for a horizontal dimensional task. If this causes the right-left prevalence effect, then the advantage right and left keypresses were made with the corresponding index fingers. The vertical dimension of the response apparatus was not aligned parallel to the display but instead projected onto the depth dimension (i.e., the above-below axis corresponded to the far-near axis). However, neither the compatibility effect in the vertical dimension nor the right-left prevalence effect should be influenced by this projection (see Vu et al., 2000) . The distance between the center of the response apparatus and the display was approximately 65 cm.
The stimuli were a 2 2 grid (approximately 3.4º in visual angle on a side) presented at the center of the display, and a solid circle (approximately 0.4º in diameter) presented at the center of one of the quadrants of the grid.
Tasks and Procedure. The participants switched between a vertical task and a horizontal task according to the color of the grid. Half of the participants engaged in the vertical task with a green grid and the horizontal task with a red grid, and vice versa for the remaining half. On the vertical task, participants had to press the above or below key as quickly and accurately as possible according to the vertical location of the stimulus regardless of its horizontal location. For example, with the up-left and down-right key configuration, participants had to press the up-left key when the stimulus was presented at the up-right or up-left location, and to press the down-right key when the stimulus was presented at the down-right or down-left location. On the horizontal task, participants had to make a fast and accurate press of the right or left key according to the horizontal location of the stimulus regardless of its vertical location (see Figure 1 ). Note that the S-R mapping in the task-relevant dimension was always compatible, and the compatibility varied within the task-irrelevant dimension. The horizontal compatibility effect was determined by the difference between the compatible and incompatible conditions of the vertical task (see above-left and belowleft panels of Figure 1 , respectively), and the vertical compatibility effect was determined by the difference between the compatible and incompatible conditions of the horizontal task (see above-right and below-right panels of Figure 1 , respectively).
The experiment was conducted in a darkened room. Each trial began with the display of the 2 2 grid in white on a black background for 1,000 msec. Then the grid color changed to red or green. With an SOA of 0, 170, or 1,620 msec, the target stimulus, a white circle, appeared in the center of one of the four quadrants of the grid until a response was made. As soon as a response was made, all the visual stimuli disappeared. The intertrial interval (ITI) lasted for 600 msec. A 500-Hz feedback tone was given during the first 100 msec of the ITI when the wrong key was pressed. Each experimental session consisted of three blocks, and each block consisted of 288 trials of 12 repetitions of the factorial combination of grid color (green or red), SOA (0, 170, or 1,620 msec), and stimulus location (above-right, above-left, below-right, or below-left) in pseudorandom order. Before the test block, participants completed a practice block consisting of 48 trials. Participants could take short rests between the test blocks.
Results
The significance criterion was set at p .05 for all analyses. The first trial in each block, trials in which RTs were less than 100 msec or more than 3,000 msec (outliers; 0.05%), and trials preceded by errors or outliers (3.0%) were excluded from all the analyses. After these exclusions, the mean RTs for correct responses and the error rates were submitted to separate ANOVAs with SOA (0, 170, or 1,620 msec), task (horizontal or vertical), switch (repeat or switch), and compatibility (compatible or incompatible) as within-participants factors. The mean RTs and error rates for each condition are shown in Table 1 .
The ANOVA of the RT data revealed that all four main effects were significant [SOA, F(2, 30) 72.66, p .001;
On the other hand, 1,620 msec would allow enough time to achieve full preparation.
We changed the cue property that might have affected the preparation for each dimension and the resulting right-left prevalence in Meiran's paradigm. Meiran used a pair of arrowheads as the cue. For example, with the horizontal task, the right-pointing arrowhead appeared at the right of the grid, and the left-pointing arrowhead at the left of the grid. It is known that an arrow automatically activates the response corresponding to the pointing direction (Eimer, 1995) . Thus the arrowheads might prime the spatial code corresponding to the pointing direction. Similarly, the pair of vertical or horizontal arrowheads might automatically activate the corresponding dimensional task set. These automatic activations of corresponding responses and/or of task-relevant dimensions might affect the right-left prevalence in Meiran's paradigm. To exclude any external spatial information and the spatial asymmetry between the horizontal and the vertical dimensions by task cue, instead of arrowheads we used grid colors as task cues in our experiment. Thus in our experiment, internal preparation for the task, which varies in a trial-by-trial manner, should emerge.
To confirm that participants prepared for the horizontal or vertical dimension in each trial, we included a task switch factor in the analyses. If participants do prepare for each dimension on the basis of the task cue, we would find a cost to switch the task-relevant dimension. Moreover, this switch cost and RT would decrease as the SOA increases. Although these results were obtained in previous task switching studies (e.g., Meiran, 1996) , it is necessary to test whether these are replicated in our study despite the methodological differences.
In the S-R arrangement used in this study, bimanual responses make the horizontal dimension salient. If the task structure determines the prevalence effect and preparation does not alter the effect (see Proctor et al., 2006; Vu & Proctor, 2001 , and if the earlier formation of a right-left code elicits the right-left prevalence (see Hommel, 1996; Rubichi et al., 2004) , then the right-left prevalence would emerge irrespective of the SOA. On the other hand, if the relative salience of one dimension makes the preparation along that dimension stronger, then the rightleft prevalence would be absent for the simultaneous onset of the cue and target. But the right-left prevalence would increase as the SOA increases.
Method
Participants. Sixteen students (8 female; mean age 22.4 years, range from 19 to 24 years) took part in this experiment. All had normal or corrected-to-normal vision. They were naive as to the purpose of the experiment.
Apparatus and Stimuli. The stimulus presentation and data collection were controlled by an AV-tachistoscope system (Iwatsu ISEL IS-703). Stimuli were presented on a 22-in. color monitor. A viewing distance of approximately 80 cm was maintained by a head-andchinrest. The response apparatus consisted of two single key boxes aligned diagonally on a table so that one key was above and to the right, or above and to the left, of the other key, like the pair of keys "1" and "9" or the pair of keys "3" and "7 on the numeric pad of a keyboard. The two response keys were separated approximately 5 cm from each other in both the horizontal and vertical dimensions. The target decreased to 72 msec with the intermediate SOA, and finally almost disappeared (9 msec) with the longest SOA. The three-way interaction between SOA, task, and switch was significant [F(2,30) 3.48, p .05]. Switch costs were larger with the vertical task than with the horizontal task only when the SOA was 0 msec (125 vs. 87 msec) or 170 msec (90 vs. 54 msec). The switch cost almost disappeared when the SOA was 1,620 msec for both tasks (5 vs. 12 msec). The significant two-way interaction between switch and compatibility [F(1,15) 16.33, p .005] revealed a larger switch cost in the incompatible condition (80 msec) as compared to the compatible condition (45 msec).
The significant two-way interaction between SOA and compatibility [F(2,30) 4.22, p .05] indicated a smaller compatibility effect with the 1,620-msec SOA (128 msec) than with 0-msec and 170-msec SOAs (167 and 164 msec, respectively). Most importantly, the threeway interaction between SOA, task, and compatibility was significant [F(2,30) 4.45, p .05]. As shown in Figure 2 , the right-left prevalence increased as the SOA increased. The magnitudes of the right-left prevalence effect were 11 msec (n.s.), 56 msec ( p .062), and 63 msec ( p .05) for each SOA. The right-left prevalence effects did not statistically differ in size for the latter two SOAs. No other interactions were significant.
The ANOVA of error rates revealed a main effect of SOA [F(2,30) 3.69, p .05]. Error rates decreased as SOA increased (3.5%, 3.0%, and 2.6% for SOAs of 0, 170, and 1,620 msec, respectively). The main effect of task was significant [F(1,15) 9.03, p .01]. Participants responded more accurately to the horizontal task (2.2%) than to the vertical task (3.8%). The main effect of switch [F(1,15) 17.94, p .001] revealed more errors on switch trials (4.0%) than on repeat trials (2.1%). The main effect of compatibility was significant [F(1,15) 30.36, p .001] . Participants made few errors on compatible trials (0.2%), and made most of the errors on incompatible trials (5.8%).
All the two-way interactions involving compatibility were significant: with SOA, F (2, 30) 4.06, p .05; with task, F (1,15) 8.57, p .05; and with switch, F(1,15) 15.85, p .005. These reflected differences in accuracy as shown by main effect of each factor, which appeared only in the incompatible condition because of a floor effect in the compatible condition (see Table 1 ). The other interactions were not significant.
Discussion
With regard to the task switching, our results generally replicated the findings in previous studies (see Meiran, 2000a) . With increasing preparation time, tasks were performed more efficiently. We obtained switch costs that decreased as the preparation time for the upcoming task increased. Although the "residual" switch cost at the 1,620-msec SOA was not significant in this experiment, a residual cost is not always present in task switching studies and is affected by some factors (see, e.g., De Jong, 2000; González, Milán, Pereda, & Hochel, 2005; Meiran, 2000b; Meiran & Chorev, 2005) . In contrast to the absence task, F (1, 15) 9.28, p .01; switch, F (1,15) 115.44, p .001; compatibility, F(1,15) 31.10, p .001]. Response latency decreased as SOA increased (683, 621, and 589 msec for SOAs of 0, 170, and 1,620 msec, respectively). Participants responded faster on the horizontal task (585 msec) than on the vertical task (636 msec). RTs were shorter when participants repeated tasks (580 msec) than when they shifted tasks (642 msec). Responses were faster with compatible trials (534 msec) than with incompatible trials (687 msec).
The two-way interaction between SOA and switch was significant [F(2,30) 35.04, p .001]. The 106-msec switch cost with a simultaneous onset of task cue and a 100 msec than a long SOA of 900 msec. This is probably because of the differences of the shortest SOA adopted in each experiment. We used 0 msec, whereas they used 100 msec. Overall, an increasing right-left prevalence as a function of SOA would be the pattern. The nonsignificant effect in Proctor et al. (2006) indicates that the preparation for a task that elicits the prevalence effect proceeds rapidly. In fact, the present study showed little, if any, increase in the right-left prevalence effect from the 170-to the 1,620-msec SOA. The difference of RTs and the compatibility effect for horizontal and vertical dimensions as a function of preparation time provide some indication about the effect of the relative salience on dimensional processing and right-left prevalence. We discuss this issue more in the General Discussion.
EXPERIMENT 2
The failure to find a right-left prevalence effect for the 0-msec SOA in Experiment 1 seems to be unique and theoretically important. To test the generality of the absence of the right-left prevalence effect when there is no preparation time for each dimension, in Experiment 2 we replicated Experiment 1 using only the simultaneous presentation of the task cue and target. We changed the task cue so that the task cue and the relevant target information were conveyed by the same stimulus. Although the vertical and the horizontal tasks were the same as in Experiment 1, the target shape signaled the to-be-conducted task. Because all of the trials involved 0-msec SOA, participants were aware that they would have no time to prepare after cue onset.
Method
Participants. Twelve students (6 female; mean age 22.0 years, range from 21 to 26 years) participated. All had normal or correctedto-normal vision. They were naive to the purpose of the experiment. None of them had participated in Experiment 1.
Apparatus, Stimuli, Tasks, and Procedure. These were the same as in Experiment 1, except for the differences noted below. The SOA was fixed at 0 msec. The target stimulus was a solid circle (approximately 0.4º in diameter) or a solid square (approximately 0.4º on a side) at the center of one of the quadrants of the grid. All of the stimuli were presented in white on a black background. The participants switched between a vertical task and a horizontal task according to the stimulus shape. Half of the participants conducted the vertical task with a circle stimulus and the horizontal task with a square stimulus, and vice versa for the remaining half. Each experimental session consisted of four blocks, and each block consisted of 128 trials of 16 repetitions of the factorial combination of stimulus shape (square or circle) and stimulus location (above-right, aboveleft, below-right, or below-left) in pseudorandom order. Before the test block, participants engaged in a practice block consisting of 64 trials.
Results
The first trial in each block, trials in which the RTs were less than 100 msec or more than 3,000 msec (outliers; 0.03%), and trials preceded by errors or outliers (4.1%) were excluded from all the analyses. After this exclusion, the mean RTs for correct responses and the error rates were submitted to separate ANOVAs with task (horizontal or vertical), switch (repeat or switch), and compatibility of a residual cost in our study, Proctor et al. (2006, Experiment 3) found a constant switching cost across SOAs using a similar switching procedure. Thus, the effect of preparation on switching cost in Meiran's task switching paradigm seems to be unstable. Some methodological factor(s) might affect the residual cost in our experiment, but this issue is beyond the scope of our study. The compatibility effect was present, and the switch cost was larger in the incompatible condition than in the compatible condition. The three-way interaction of switch, SOA, and compatibility was not significant. Unlike Meiran's (1996) previous study, the horizontal task was easier than the vertical task (but see Meiran et al., 2000) .
The right-left prevalence effect was absent when there was no preparation time for the upcoming task. However, the prevalence effect increased as the SOA increased, although the compatibility effect itself decreased as the SOA increased. These results contradict the faster horizontal code formation hypothesis (Hommel, 1996; Rubichi et al., 2004 ) that would predict an unchanged rightleft prevalence effect across SOAs because the horizontal code should have been formed faster in the task structure of this experiment where participants used right and left hands as response effectors. Rather, the results suggest that preparation for the horizontal dimension would be stronger than for the vertical dimension when participants preliminarily prepared for each dimension.
Our results show the effect of SOA on the right-left prevalence effect, which Meiran (2005) did not find. Although this would appear to be a discrepancy between these two studies, the results are consistent when the SOAs used in both studies are considered. We obtained no prevalence with a 0-msec SOA, a 56-msec nonsignificant tendency of the prevalence with a 170-msec SOA, and a 63-msec significant right-left prevalence with a 1,620-msec SOA. The SOAs used in Meiran (2005) were 200 msec and 1,200 msec, both of which were between our middle SOA and long SOA. The right-left prevalence effect of 58 msec obtained by Meiran (2005) was numerically between the prevalence effect with the 170-msec SOA and that with the 1,620-msec SOA in our experiment. Thus, the time course of the right-left prevalence effect found in Meiran (2005) is consistent with our experimental findings. Proctor et al. (2006) reported that preparation for the upcoming task did not affect the right-left prevalence. This is inconsistent with the results obtained in our experiment. However, the results of both experiments show some consistency. Unlike the usual right-left prevalence studies, Proctor et al. (2006) used the RTs for each task as indicators of the prevalence effect, and found that RTs for the horizontal task were faster than for the vertical task. However, the SOA had little effect on this horizontal task superiority, which was found in our experiment as well. On the other hand, the right-left prevalence effect (superiority of the horizontal compatibility effect to the vertical compatibility effect) in our experiment increased as the preparation time increased. In Proctor et al. (2006, Experiment 3) , no significant effect of SOA on this rightleft prevalence was obtained although the right-left prevalence effect was numerically smaller for a short SOA of neous presentation of the task cue and target. To exclude this possibility, we conducted an experiment with simultaneous presentation of the task cue and target, but with overall preparation for each dimension. We used a 0-msec SOA only, and manipulated the relative frequency of each task in a block.
Manipulation of task frequency is similar to the manipulation of instructions in the right-left prevalence research literature (e.g., Hommel, 1996; Vu et al., 2000) in that it affects the internal set of the participants beyond each trial. If participants prepare for the frequent task, then the RTs should be faster for the frequent task than for the infrequent task. In such a case, if the right-left prevalence comes from the difference of the preparation for each dimension, then the compatibility effect advantages along the frequent task dimension and the right-left prevalence effect when collapsed across the horizontal frequent and vertical frequent conditions should appear analogous to the effect of instruction (see, e.g., Hommel, 1996; Vu et al., 2000) . On the other hand, if the absence of the right-left prevalence in Experiments 1 and 2 were due to the simultaneous presentation of task cue and target, then no right-left prevalence should be obtained in this experiment either.
Method
Participants. Sixteen students (8 female; mean age 21.8 years, range from 19 to 24 years) took part in this experiment. All had normal or corrected-to-normal vision. They were naive as to the purpose of the experiment. None of them had participated in previous experiments of this study.
Apparatus, Stimuli, Tasks, and Procedure. These were the same as in Experiment 1, except for the differences noted below. The SOA was 0 msec in all the trials. We manipulated the probability of each task between blocks. Half of the participants performed one practice and two experimental blocks with 80% green grids and 20% red grids, and then performed one practice and two experimental blocks with 80% red grids and 20% green grids. The other half performed the reversed order of task frequency. Each practice block consisted of 80 trials and each test block consisted of 180 trials. Participants were explicitly informed which task was frequent in the subsequent blocks before each task frequency condition started.
Results
The first trial in each block, trials in which RTs were less than 100 msec or more than 3,000 msec (outliers; 0.03%), and trials preceded by errors or outliers (3.2%) were excluded from all the analyses. After this exclusion, the mean RTs for correct responses and the error rates were submitted to separate ANOVAs with frequent task (horizontal or vertical), task (horizontal or vertical), and compatibility (compatible or incompatible) as withinparticipants factors. Because the number of trials with the repeat condition of the infrequent task was small, and because task switch did not modulate the right-left prevalence in Experiments 1 and 2, we did not use switch as a factor in Experiment 3. The mean RTs and error rates for each condition are shown in Table 3 .
The main effect of frequent task [F(1,15) 4.66, p .05] indicated that RTs were faster when the frequent task was the horizontal task (523 msec) rather than the vertical task (547 msec). The two-way interaction between (compatible or incompatible) as within-participants factors. The mean RTs and error rates for each condition are shown in Table 2 .
An ANOVA of the RT data revealed main effects of task [F(1,11) Responses were faster for the horizontal task (637 msec) than for the vertical task (705 msec), for the repeat trials (652 msec) than for the switch trials (690 msec), and for the compatible condition (520 msec) than for the incompatible condition (821 msec). No interactions were significant, including the two-way interaction between task and compatibility [F (1,11) 1, p .37]. The vertical compatibility effect (290 msec) was comparable to the horizontal compatibility effect (312 msec).
An ANOVA of the error rate data revealed a main effect of task [F(1,11) 5.69, p .05]. Participants responded more accurately to the horizontal task (3.0%) than to the vertical task (5.8%). The main effect of compatibility [F (1, 11) 15.40, p .01] revealed more errors on incompatible trials (8.4%) than on compatible trials (0.4%). No other main effect or interactions were significant.
Discussion
Although RTs for the horizontal task were faster than for the vertical task (see also Proctor et al., 2006) , the compatibility effects along the horizontal and vertical dimensions did not differ significantly. Despite the methodological differences between Experiments 1 and 2, we successfully replicated the absence of the right-left prevalence effect for a 0-msec cue-target SOA. This indicates that the disappearance of the right-left prevalence with simultaneous presentation of task cue and target is a replicable general phenomenon and not due to the mixing of longer SOAs in Experiment 1. We conclude that the right-left prevalence effect does not occur without preparation for the upcoming task dimension.
EXPERIMENT 3
Experiment 1 revealed a right-left prevalence for task set preparation preceding the target onset within blocks. However, the right-left prevalence effect was absent when there was no time for preparation for the task in Experiments 1 and 2. The absence of the right-left prevalence effect with a 0-msec SOA might be due not to the absence of preparation for the task dimension, but to the simulta- frequent task (2.9%) than on the infrequent task (6.1%). The horizontal task was less error prone than the vertical task when the horizontal task was frequent (2.4% vs. 6.5%), whereas the opposite was true when the vertical task was frequent (5.7% vs. 3.4%). The three-way interaction between frequent task, task, and compatibility was significant [F(1,15) 20.44, p .001] , indicating the advantage of the compatibility effect along the dimension for the frequent task. We obtained an 8.5% right-left advantage when the horizontal task was frequent, and a 4.9% top-bottom advantage when the vertical task was frequent.
Other main effects or interactions were not significant.
Discussion
Performance was better for the frequent task, confirming that the participants prepared for the frequent task. The compatibility effect for the dimension of the frequent task was larger than for the dimension of the infrequent task. The difference of participants' mental sets between blocks led to an advantage for the prepared dimension. Most importantly, we obtained the right-left prevalence effect. The right-left advantage in the horizontal frequent condition was larger than the top-bottom advantage in the vertical frequent condition. Right-left prevalence did not emerge when the SOA was 0 msec in Experiments 1 and 2. In those experiments, the probability for the tasks was equal, which should have eliminated participants' preparation at the 0-msec SOA. In contrast, in Experiment 3, the probability of each task was not equal and participants seemed to prepare for the frequent task, thus already activating a set for the dimension of the frequent task before the task was specified. Thus, the right-left prevalence effect emerged when participants prepared for each dimension even with a 0-msec SOA. This indicates that the absence of the prevalence effect with a 0-msec SOA in Experiments 1 and 2 was due to the absence of preparation for each dimension, not to the simultaneous presentation of the task cue and target.
The findings in this experiment were very similar to the findings in research studies using instruction manipulation. The right-left advantage with horizontal instruction was larger than the top-bottom advantage with vertical instruction in many of the right-left prevalence studies in which participants prepared for the instructed dimension prior to the target presentation (e.g., Hommel, 1996; Vu et al., 2000) . Considering the instruction and frequency effects, it seems that people can prepare for either the horizontal or the vertical dimension, but that preparation for the horizontal dimension can be more powerful, leading to the right-left prevalence.
GENERAL DISCUSSION
In this study, we investigated the effect of participants' preparation for vertical and horizontal dimensions on right-left prevalence. In Experiment 1, we tested the effect of preparation for horizontal and vertical coding on right-left prevalence and its time course in a trial-by-trial manner. The vertical and horizontal tasks were mixed within a block, and the upcoming task was specified by frequent task and task [F(1,15) 138.56, p
.001] showed faster responses for the frequent task. The horizontal task was responded to faster than the vertical task when the horizontal task was frequent (424 vs. 623 msec), whereas the opposite was true when the vertical task was frequent (627 vs. 467 msec). The main effect of compatibility [F(1,15) 79.04, p .001] revealed a 124-msec compatibility effect. The three-way interaction of frequent task, task, and compatibility [F(1,15) 8.87, p .01] revealed an advantage of compatibility effect along dimension for the frequent task (see Figure 3) . We obtained an 81-msec right-left advantage when the horizontal task was frequent, and a 29-msec top-bottom advantage when the vertical task was frequent. The significant interaction of task and compatibility [F(1,15) 8.87, p .01] indicated an overall right-left prevalence. This reflects that the right-left advantage for the horizontal task frequent situation was larger than the top-bottom advantage for the vertical task frequent situation. No other main effects or interactions were significant.
An ANOVA of error rates revealed a main effect of compatibility [F(1,15) 50.56, p .001] . Participants made few errors on compatible trials (0.3%), and made almost all of the errors on incompatible trials (8.6%). The two-way interaction between frequent task and task [F(1,15) should have obtained a right-left prevalence regardless of the SOA in Experiments 1 and 2. In fact, the use of right and left effectors seemed to accelerate performance on the horizontal task itself, but the faster horizontal coding was not enough to elicit a right-left prevalence effect. The right-left prevalence emerged only when participants prepared for horizontal or vertical dimensions in advance. The importance of preparation for right-left prevalence to occur is consistent with recent findings obtained in right-left prevalence studies with Simon effects in which the stimulus position was irrelevant to the task. The rightleft prevalence effect was not observed in Simon tasks with bimanual keypress responses (Proctor et al., 2003; Vu et al., 2005) . The absence of the right-left prevalence effect with Simon effects, in which participants do not intentionally prepare for spatial stimulus properties, also supports our hypothesis that the salience of the horizontal dimension, based on the use of right and left effectors, affects the right-left prevalence only when participants prepare for each dimension. obtained the right-left prevalence effect in the Simon task with hand and foot responses. The response arrangement used in might make the horizontal dimension more salient than that used for bimanual keypress responses because of the larger response key distance (Vu et al., 2000) . Alternatively, the use of the hand and foot itself may affect the relative salience of each dimension. Thus, as a result, the relative salience of the horizontal dimension may lead to the larger Simon effect for the horizontal dimension (Proctor et al., 2003) in .
How does the greater preparation for the salient dimension lead to the right-left prevalence? One possibility is that faster formation of spatial codes along the salient dimension elicits the right-left prevalence (see also Hommel, 1996; Rubichi et al., 2004) . Although shorter RTs for horizontal tasks confirmed the faster spatial coding along the salient dimension in this study, this faster coding did not always lead to the right-left prevalence effect. We speculate that the greater preparation for the horizontal dimension yields higher activation of the horizontal codes than the vertical codes, eliciting a larger horizontal compatibility effect (i.e., right-left prevalence effect). Furthermore, greater activation of the stimulus code for one dimension might lead to more efficient suppression of the stimulus code for another dimension (see Meiran, 2000a) . Umiltà (2003, 2005) have described a right-left advantage for selecting groups of responses. In their study, two of four horizontally aligned responses were cued in advance. The cuing of the two rightmost or leftmost responses was effective relative to the inner-outer or the alternate-two response cuing, and this right-left advantage tended to disappear as the level of preparation increased. Here the right-left advantage/ prevalence did not depend on the level of preparation or increase as a function of the level of preparation. In Adam et al. (2003 Adam et al. ( , 2005 , the right-left advantage was related to the preparation for each response group within the horizontal dimension. The right-left prevalence effect a task cue simultaneously with or preceding the target. When the participants did not prepare for the task (i.e., the simultaneous presentation of the cue and the target), no prevalence effect was observed. However, the right-left prevalence effect increased as the SOA increased. Experiment 2 replicated the absence of the right-left prevalence effect in the absence of preparation for the upcoming task by using simultaneous presentation of the task cue and the target. In Experiment 3, we dissociated the preparation for each dimension and the simultaneous presentation of the task cue and the target by manipulating the frequency of each task between blocks while keeping the SOA at 0 msec. Although we obtained advantages for the dimension of the frequent task, we obtained an overall right-left prevalence effect when the findings were collapsed across the horizontal and vertical frequent conditions. Thus, we showed the importance of preparation for the horizontal and vertical dimensions for the right-left prevalence effect.
The horizontal dimension is more salient than the vertical dimension in the task structure of this study (bimanual responses using two proximally separated diagonal keys on a table and the stimuli equally separated along the horizontal and vertical dimensions), probably due to the use of right and left effectors (see Vu & Proctor, 2001) . Hommel (1996) also indicated the importance of the use of right and left effectors in right-left prevalence. One might argue that the response arrangement would also play a role in determining the relative salience. Responses were not placed one above the other but rather away from or near the body in this study; we regarded this depth dimension as the vertical dimension. This projection might decrease the compatibility effect for the vertical dimension because the vertical responses in fact do not vary along that dimension. However, Vu et al. (2000) showed that neither the compatibility effect in the vertical dimension nor the right-left prevalence effect was influenced by this projection. Moreover, the right-left prevalence effect was obtained even with responses that varied in height (see, e.g., Hommel, 1996; Nicoletti & Umiltà, 1984; Vu et al., 2000) . Thus, the projection of the vertical dimension on the depth dimension in the arrangement of the response keys seems not to affect the task structure that determines the relative salience.
The relative salience of the horizontal dimension determined by the task structure seems to exert two separate effects on performance. One is an overall superiority for the horizontal task in comparison with the vertical task (see also Proctor et al., 2006) , and the other is the rightleft prevalence (larger horizontal compatibility relative to vertical compatibility). Although the horizontal task superiority was present in all of the experiments in this study, the right-left prevalence effect emerged only when participants prepared for each dimension prior to the target presentation. The horizontal task superiority indicates that the formation of right and left codes was always faster than the formation of top and bottom codes. Hommel (1996) and Rubichi et al. (2004) proposed that faster horizontal coding than vertical coding elicits the right-left prevalence. If this hypothesis were accurate, we gardless of the preparatory state. These findings indicate that the relative salience of the horizontal dimension determined by the task structure leads to faster horizontal coding and stronger preparation for the horizontal dimension than for the vertical dimension. Although the former does not directly elicit the prevalence effect, the latter would elicit higher activation of the horizontal code, resulting in the right-left prevalence effect. The right-left prevalence cannot be fully explained solely by the relative salience determined by the task structure (see, e.g., Proctor et al., 2006) or by faster horizontal coding (e.g., Hommel, 1996; Rubichi et al., 2004) . The internal preparatory state would play a critical role in the right-left prevalence.
was related to the advantage of the horizontal dimension relative to the vertical dimension when participants prepared for each dimension. Thus, the right-left advantage in response cuing and the right-left prevalence in twodimensional S-R compatibility seem to reflect different mechanisms. The effect of preparation on the right-left prevalence effect seems to be specific to the relationship between the horizontal and the vertical dimensions.
In our research paradigm, the compatibility effect based on the spatial correspondence between the stimulus location and the response location along the task-irrelevant dimension was confounded with the congruency effect based on the correspondence of the responses between the relevant and the irrelevant tasks, which has usually been observed in task switching studies. However, the congruency effect alone cannot explain the results in our study. In our Experiment 1, the compatibility effect was affected by the SOA, and its time course differed between the horizontal and the vertical tasks, although the congruency effect is generally unaffected by the SOA (Sudevan & Taylor, 1987) . One might argue that the compatibility effect should be absent when the compatible and the incompatible mappings are mixed (e.g., Shaffer, 1965) . However, in our experiment, the mapping was always compatible and the compatibility varied only for the irrelevant dimension. The task-relevance of each dimension varied within a block. When spatially irrelevant tasks were mixed with spatially relevant tasks with compatible S-R mapping, the spatial compatibility effect for an irrelevant dimension (i.e., the Simon effect) increased (Marble & Proctor, 2000) . Thus, the probability for compatibility effects to emerge still existed in our experiment. Meiran (2005) conducted an experiment with the compatible mapping condition and the incompatible mapping condition on a relevant dimension. He predicted that the direction of the compatibility effect (on an irrelevant dimension) and the direction of the congruency effect should be opposite in the incompatible mapping condition. He found that the congruency effects did not differ in magnitude for both mapping conditions, and concluded that the congruency effect was dominant in this paradigm. However, his prediction was problematic. When the task in the relevant dimension requires reverse mapping, the reverse rule is also applied to the irrelevant spatial dimension, leading to a reversed Simon effect (logical recoding; Hedge & Marsh, 1975) . Considering the logical recoding, the irrelevant compatibility effect in the incompatible mapping condition might work in the direction opposite to the direction of the irrelevant compatibility effect in the compatible mapping condition. Thus, the direction of the compatible effect and the congruency effect might be the same even in the incompatible mapping condition. The results of Meiran (2005) could not exclude the existence of compatibility effect in this paradigm. Taken together, the compatibility effect should have emerged in our study.
The right-left prevalence effect emerged only when participants prepared for each dimension in advance of the target presentation. This indicates the essential role of internal mental set in the right-left prevalence effect. In contrast, the horizontal task superiority was observed re-
